stroyed by the invasive adipocytes, weakening the affected areas and probably impeding the normal peristaltic functions. The impingement of the myenteric plexus may have led to decreased muscular tone of the tunica muscularis, thus inducing the outpouchings which were observed grossly. The compromised areas of colon probably accumulated impacted material, and as the pouches filled, the material was further packed in by pressure generated from movement of fecal material within the main colonic lumen. The serosal tears were probably due to muscular weakening and stretching of the impacted small colon.
The lesions in this case were most consistent with those of an infiltrative intestinal lipomatosis, which has not previously been reported in any species. Benign lipomas, which originate from mesenteric fat, are well known to occur in horses. They have a tendency to become pedunculated, leading to intestinal obstruction and strangulation when the stalk twists around a loop of intestine. 1 The lesions presented in this case were considered to be histologically benign; however, as with subcutaneous infiltrative lipomas in dogs 5 this process appeared to be invasive and was causing tissue destruction as a consequence of its growth.
Lead concentrations in frozen and formalin-fixed tissues from raccoons (Procyon lotor) administered oral lead acetate
Lead (Pb) is ubiquitous in the environment and traces of it have been found in all animal tissues. Despite its widespread occurrence it is doubtful if Pb serves any metabolic requirement. Excess quantities have been shown to cause multisystemic toxic effects in animals. 5, 6 In experimental animals, exposure to inorganic Pb may result in impairment of immune function. 8, 10, 12 Depression of host defense mechanisms associated with Pb exposure can be of sufficient biologic significance to result in increased susceptibility to infectious agents. 8 In North America, raccoons (Procyon lotor) are ubiquitous and abundant. These small-bodied carnivores may serve as environmental sentinels. 1 Since Pb produces immune system dysfunction, it may make raccoons more susceptible to certain infections, such as rabies, and exacerbate epizootics such as the one now being experienced throughout the eastern USA. 11 Raccoons exposed to Pb may be considered as poor candidates for an effective immune response to vaccines, including those being evaluated for oral rabies vaccination. 15 We have recently demonstrated that raccoons from certain urban areas of the northeastern USA have significantly higher blood Pb levels than raccoons from rural areas or raccoons that were confined in the laboratory.
7 Also, in certain regions of the USA, elevated Pb content of raccoon livers has been reported, 17 and clinical cases of Pb toxicosis have been documented. 4, 13 A definitive diagnosis of Pb poisoning at postmortem is based on demonstration of excess concentration of Pb in tissues. The preferred specimens for Pb analysis from animals that have died are frozen liver and kidney. These could be routinley obtained, but often this is not done in cases of Pb toxicosis, due to the usual absence of lesions highly suggestive of Pb toxicosis at necropsy. The analysis of formalin-fixed tissues for Pb is therefore often warranted. The analysis of formalin-fixed tissues for diagnostic purposes has been recommended for selenium and copper, and tissue levels of both these elements remain unchanged by formalin-fixation. However, Summers et al. 19 found copper concentrations of liver decreased progressively when the tissue was fixed in formalin for 14 days. They attributed the decreased concentration to imbibition of formalin into the tissue and also to leaching of the element into the fixative. One report indicates that Pb is resistant to contamination or leaching from liver when preserved in formalin together with other tissues. 2 However, the same investigation revealed Pb levels in the formalin-fixed kidney to be slightly lower than levels in the frozen kidney. 2 The purpose of this communication is to document hepatic and renal Pb concentrations in raccoons that were given Pb acetate per os and to compare these results to the concentration of Pb in corresponding formalin-fixed tissues at 2 time points (1 month and 16 months of formalin fixation). Lead acetate was selected for this investigation because it was used previously in a similar study 2 and because it is water soluble and is readily absorbed from the alimentary tract.
9
Eight adult raccoons (nos. 1-8) obtained from a rabies-free area of Pennsylvania were utilized for this investigation. They were randomly divided into 4 groups of 2 animals each. After a period of stabilization (7 days), raccoons were administered Pb acetate at 0, 1, 2, and 4 mg per kg body weight (groups, A, B, C, and D, respectively) per day (5 days per week) orally for 8 weeks (Table 1) . Lead acetate was given mixed with approximately 10 g of strawberry preserves a prior to the morning meal. The raccoons were weighed once a week and the Pb dose for the week was adjusted accordingly. Other aspects of husbandry, restraint, sedation, and euthanasia were essentially the same as previously reported. 16 Blood samples (approximately 7.5 ml) were obtained from the jugular vein (for Pb analysis) of all raccoons at 2-week intervals. At the end of the experiment (8 weeks), all raccoons were euthanized with intravenous sodium pentobarbital and a complete postmortem examination was conducted immediately after euthanasia. Representative tissue samples of all major organs including the whole brain 16 were fixed in 10% neutral buffered formalin b for histopathology (results not shown here). Portions of fresh liver and kidney from each of the raccoons were frozen at -20 C for chemical analysis for Pb content. Also, formalin-fixed liver and kidney (stored with the rest of the tissues in 10% formalin) were analyzed for Pb content after 1 month and 16 months of formalin fixation.
Blood Pb concentrations were determined by Zeeman atomic absorption (ZAA) spectrophotometry using the graphite furnace method.
14 Tissue Pb concentrations were determined by atomic absorption spectrophotometry (AAS) using an air/acetylene flame. Liver and kidney analyses were performed by using a wet digestion procedure. One-half gram of tissue was weighed and heated in 10 ml of concentrated nitric acid; with 2-3 ml remaining, a further 10 ml of concentrated nitric acid, 1 ml of sulphuric acid, and 2 ml of perchloric acid were added. The sample was heated until completely digested, cooled, rinsed into a 10-ml volumetric flask, brought up to volume with deionized water, and analyzed by AAS. All acids and reagents were of ultrapure grade. The results were statistically analyzed by using Duncan's multiple means test. 3 Variables examined were Pb dose and the type of sample handling (i.e., frozen, 1 month fixation, or 16 months fixation) within each tissue type. A level of P = 0.05 was accepted as significant.
During the experimental period, all raccoons either maintained or gained body weight (data not shown) and none showed clinical signs of Pb toxicosis. 4, 13 At the end of the 8-week experimental period, blood Pb levels remained at the The tissue Pb analyses are summarized in Table 1 and Fig. 2. Bratton GR, Zmudzki J, Richardson EW: 1985, Lead concen-1. Although both control raccoons had low blood Pb levels trations in fresh, frozen and formalin fixed tissues from lead (< 25 µg/liter), they were found to have higher Pb levels in poisoned calves: guidelines for diagnosis. Vet Hum Toxicol 27: kidneys and livers (means 1 2.05 ppm. and 14.4 2 ppm, respectively). For dogs, tissue Pb levels of 5 ppm and above are considered diagnostic for Pb toxicosis. 21 The finding of high tissue Pb levels in the control raccoons is in agreement with the reported high liver Pb concentrations in hunterkilled raccoons from Illinois.
17
Analysis of frozen tissues of experimental animals revealed elevated Pb levels in both livers and kidneys and the Pb content appeared to be dose-dependent. The prolonged Pb dosage accompanied by high blood and tissue Pb levels did not appear to adversely affect the health of the experimental raccoons. It has been previously suggested that raccoons are relatively resistant to high Pb levels.
17 These present findings indicate that raccoons may indeed be resistant to very high liver and kidney burdens of Pb.
The mean Pb concentrations in all groups given oral Pb acetate were higher in the liver than in the kidney (Fig. 1) . The fact that renal Pb tends to be unevenly distributed through the kidney may have contributed to this observation. In animals with Pb toxicosis, epithelial cells of the proximal tubules of kidneys often contain acid-fast Pb inclusions, and therefore the cortex has a higher concentration than the medulla. The analysis in the present study was made on kidney tissue which contained both regions of the kidneys.
Compared to the corresponding frozen tissues at 1 month and at 16 months, the Pb levels were lower in formalin-fixed kidney and liver (Table 1, Fig. 1 ). At each level and for each comparison the P value was less than 0.05. This observation
